To develop a prediction model for hospital length of stay (LOS) in very low birth weight (VLBW) infants and to compare this outcome among 20 centers within a neonatal network.
Introduction
The remarkable improvement of very low birth weight (VLBW) in infant survival observed over recent decades has been associated with an increased length of hospital stay (LOS). Both mortality and LOS are commonly used as quality of care measures for premature infants.
In order to control for patient case-mix, comparisons among centers require procedures for risk adjustment.
An unadjusted LOS has been described as a secondary outcome in several publications. Only a few studies have focused on risk adjusted LOS as their primary objective.
Among such single center studies 1, 2 are those limited to predicting LOS in that center, whereas multicenter studies [3] [4] [5] are able to predict and simultaneously compare LOS among several locations. These studies have revealed significant variations in LOS among neonatal intensive care units (NICUs).
Center variability in risk of adjusted length of stay for very low birth weight infants in the Neocosur South American Network
In the setting of a neonatal network, one of the available tools for quality improvement is to identify and compare factors that might influence variability between other centers. Identifying the better performing facilities and examining their practices may lead to identifying potential interventions that can improve VLBW infant outcomes.
Because risk factors vary across sites, statistical models should be used to adjust outcomes to better compare center performances. 3, 6 Despite documentation of variability of medical care during hospital stay, little is known about factors that might influence inter-NICU variations in LOS. 4 Evaluating medical practices for benchmarking purposes and quality of care comparisons require accurate and reliable risk models. 7 Prolonged LOS for VLBW infants presents several medical, psychosocial, and economic challenges. 8 Each day of discharge delay accounts for a greater use of medical resources, contributes to NICU patient congestion, and carries consequently higher total costs. It also increases the risk of hospital-acquired morbidity, and may even have an adverse effect on parenting by increasing the period of parent and child separation. 9 The Neocosur South American Network is a voluntary nonprofit association of NICUs from a group of South American countries (Argentina, Chile, Paraguay, Peru, and Uruguay), whose primary objective is to continuously improve neonatal health (http://sistemas.med.puc. cl/Neocosur/neocosur.asp). This network provides a continuously updated database that prospectively gathers information from all inborn VLBW infants (defined as birth weight from 500 g to 1,500 g) from the participating centers.
The purpose of this study was to develop LOS prediction models from among the hospital stay data of VLBW infants and compare the outcomes among 20 participating centers from the Neocosur neonatal network.
Methods
We included all inborn infants with birth weights (BWs) between 500 g to 1,500 g admitted to any of the 20 Neocosur Only inborn infants who were admitted and completed their stay (either by discharge home or death) at each NICU were included in the analysis. Infants who were transferred to other NICUs after admission were not included.
Demographic, clinical, and outcome data were prospectively and routinely collected at the Neocosur Network centers using predefined diagnostic criteria and online data entries.
To evaluate factors that might influence or predict LOS, we developed the following two models: -An early model including all cases, but one that only considers variables present at birth (before NICU admission) such as weight, postmenstrual age (PMA), 1 minute Apgar score, gender, presence of multiple births, antenatal steroid use, presence of congenital malformations, and prenatal care. minutes was 3.2% (0-6.7%). The total mortality rate was 24% with a range from 10 to 47.7%. The total incidence of BPD at 28 days was 23.4% (5.3-38.7% range).
Among the factors present at birth were: a greater BW and PMA, a higher 1 min Apgar score, antenatal steroid use, and female gender were all associated significantly with an increased possibility of being discharged or experiencing decreased LOS (Table 1) .
BW was the most important factor, emphasizing that each additional 100 g increases the likelihood of being discharged from the hospital by 22.4%. The second factor (in order of importance) was PMA, indicating that every additional week in PMA increases the likelihood by 11.5% of being discharged. These significant factors were the same found while developing the Neocosur score for predicting mortality in VLBW infants, 7 with only "absence of life" threatening the position of "congenital malformations." Figure 1A shows the LOS curve from birth for the overall network. was the most significant factor decreasing the likelihood of being discharged by 46.2%. Figure 1B illustrates the LOS curve among infants who remained at the NICUs for more than 30 days within the overall network. When we analyzed the median PMA at discharge, thus categorizing infants by risk quartiles using the LOS Neocosur score at birth, we also found significant variability among centers ( Table 2 ).
Discussion
We developed two prediction models for risk-adjusted LOS in a population of VLBW infants. The early model included only predictors present at birth while the late one included relevant morbidity during the first 30 days of life.
In both models the most important variable for predicting LOS was BW, which is also the principal factor for predicting in-hospital mortality. 7 The correlation between LOS and BW has already been described. 4, 13, 14 The coincidence between the main factors for predicting both LOS and mortality reinforces the finding that infants delivered with lower BWs do not only have greater risks of mortality, but also face longer LOS if they survive. This is likely to be due to immaturity and also to a higher incidence of medical complications in this group of patients. In fact, in the late model the most important factors for LOS prediction, other than BW, were BPD and sepsis. It is of interest that the use of prenatal steroids was also a factor associated with a shorter LOS, giving weight to the other beneficial effects associated with this therapy that have been widely reported in the literature. 15 When we compared the observed versus expected LOS at each NICU, we found high variability among centers and important differences in LOS between those NICUs is that risk factors present at birth may also determine the appearance of later in-hospital complications. However, the persistence of LOS differences between centers, regardless of corrections by risks or major morbidities, suggests that local center factors play a role in determining final LOS. We could speculate that differences in clinical management among centers may have constituted the principal factor influencing LOS variability in our study. We must also consider that centers in the NIH network are quite homogeneous, while
Neocosur centers differ greatly in terms of resources, size, case-mix, within other potentially relevant factors. Finally, we should consider that discharge timing of premature infants is a complex process influenced not only by medical factors, but also by nonmedical issues such as primary healthcare and organizational delays, discharge planning delays, as well as family circumstances, among other factors.
Another limitation in this study was the fact that information regarding the various factors that can delay discharge, such as duration of apnea or feeding problems, was not available. Also, as mentioned previously, the centers in this network have important variations in other major outcomes. The published experience in all networks shows large outcome variability. Studying these institutional differences is beyond the scope of this study.
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